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TESTS OF FIVE METAL MODEL PROPELLERS WITH VARIOUS PITCH
DISTRIBUTIONS IN A FREE WIND STREAM AND IN COMBINATION
WITH A MODEL VE-7 FUSELAGE

By E. P. Lestey and Erviorr G. R

SUMMARY

Thas report describes the tests of five adjustable blade metal model propellers both in a free wind
stream and in combination with @ model fuselage with stub wings, which were conducted at Stanford
University under research authorization of the National Advisory Committee for Aeronaufics.
The propellers are of the same form and cross section but hare variations in radial distribuiions of
pitch. By making a survey of the radial distribution of air velocity through the propeller plane of the
model fuselage it was found that this velocity varies from zero at the hub centfer to approximately
Jree stream velocity at the blade tip.

The tests show that the efficiency of a.propeller when operating in the presence of the airplane
18, over the working range, generally less than when operating in a free wind stream, bui that a pro-
peller with a radial distribution of pitch of the same nature as the radial distribution of air velocily
through the propeller plane suffers the smallest loss in efficiency.

INTRODUCTION

In the design of propellers it is generslly customary to assume that the axial velocity
through the propeller disk is uniform. It has recently been demonstrated (reference 1), how-
ever, that such is not the case; the velocity through the propeller plane of a fuselage of con-
ventional form is relatively smell in the immediate vicinity of the fuselage. The purpose of
the present investigation was to determine the importance of considering this feature in the
design of propellers. To this end, the performance characteristics of five model propellers,
alike in plan form and blade sections and having approximately the same mean pitch, but with
various radial distributions of pitch, have been determined both in the free stream and in the
presence of a model fuselage,

A model VE-7 fuselage with stub wings was chosen as a typical slip stream obstruction.

The form of the model fuselage is shown in Figure 1. The scale ratio between the model and

full size is 0.83674, thus giving a diameter of 8 feet for the model propeller, and a chord of 20.39
inches for the model wing. The model propellers are shown in Figure 2. The blades of all
models are adjustable and all fit & single hub. Propeller A is, at the blade angles shown, of
uniform geometric pitch and has a geometric pitch/diameter ratio of 7/10. Propellers B and C
are of the same form and piteh as A from hub to 10.8-inch radius; from this point to the tip
B is gradually increased in pitch and C is gradually decreased. Propellers D and E are the
same as propeller A from the 10.8-inch radius outward; from this point toward the hub the
blade angles of D are increased and those of E are decreased.

Reference 1. The Effect of the Sperry Messenger Fuselage on the Air Flow at the Propeller Plane. By Fred
E. Weick. N. A. C. A. Technical Note No. 274.
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PROGRAM OF TESTS

The program for tests was as follows: CoLL

1. Tests in an unobstructed wind stream.

(@) Tests of propeller A with blades set at the designed angles.
Reduction of observed data to the usual coefficients

b _ Power by _Thrust
P on¥D8 YT DR

and n=efficiency, and plotting of same on abscissa of V/nD.
Caloulation of speed power coefficient

OF = pI s -
i 2 U
Power n

and plotting same against V/nD and efficiency, thus determining valus of such coeffi-
cient for maximum efficiency. :
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) FIGURE 1.—~Wind tunnel model of . VE~7 airplane
Chord, 20.36 inches; gap, 20.55 Inches; stagger, 4.13 inches; angle of wing setting (opper wing) ~
) 1° 45"; lower, 2° 15,
(b) Preliminary tests of propellers B, C, D, and E at various blade settings and at values of

V/nD in the neighborhood of that for meximum efficiency, to determine the setting giving maxi-
mum efficiency for the same value of the speed-power coefficient

oV
Pyt
as that determined for propeller A at maximum efficiency.
(¢) Complete tests of propellers B, C, D, and E at-the settings determined by (b).
2. Tests of model propellers in combination with the VE-7 model fuselage and stub wings.
(@) Tests similar to 1 (a).
(3) Tests similar to 1 (3).
(¢) Tests similar to. 1 (¢). . . _ _
3. Survey of the velocity distribution at the propeller plane of the VE~7 model.
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SET-UP OF APPARATUS AND METHOD OF TESTS

The appsaratus for the free wind stream tests is shown in Figure 3. The model propellers
are mounted on the shaft of a cradle type dynamometer placed at the axis of the wind tunnel.

FIGURE 3.—Arrangement of apparatus for free stream tests

The dynamometer barrel, containing the
driving motor at the rear end, is long and
tapering, the test propeller being 5% feet in
front of any appreciable obstruction and thus
in a wind stream of sensibly uniform velocity.

Torque and thrust are measured directly.
Revolutions are recorded upon & chronograph
and wind speed is determined from the pressure
reduction in the experiment chamber and the
air density, the relation between experiment
chamber pressure reduction and dynamic pres-
sure having been previously determined from
a survey with a pitot tube. Air density is de-
termined from observed dry and wet bulb tem-
perature and barometric pressure by reference
to tables of General Specifications—Appendix
8, Instructions for Calculating and Testing
Ventilating Systems, Bureau of Construction
and Repair, United States Navy Department.
The usual test procedure is as follows:

1. Check torque and thrust zeros.

2. With wind speed of about 66 feet per
second, adjust angular velocity of propeller to
give zero thrust and meke simultaneous obser-
vations for thrust, torque, angular velocity and
wind velocity.

3. Increase thrust in suitable increments to give well distributed spots on graphs by in-
creasing angular velocity and make similar observations. This process is continued (with 3-

foot models) until a thrust of
30 pounds is reached. The
slip is increased for additional
observations by reduection of
wind velocity until the tunnel
fan is shut down entirely, the
velocity for the last observa-
tion being only that induced
in the tunnel by the action of
the model propeller itself.

The set-up for tests of

the propellers in combination
with the VE-7 model fuselage
is shown in Figure 4.

In former tests.of this
kind the model airplane was
suspended by wires as shown
and the drag was measured
by means of a balance forward
of the experiment chamber,

the connection to the halance .

) \
-yt T .-
) |I|'"~I #i '

l-‘xounz 4, —Arrangement of apparatus for test with model Iuselaxe

bemg a8 wire with suitable bridle around ‘the propeller Prehmma.ry tests were made to deber- _
mine the drag of the model without the propeller. The drag of the model was also measured
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with the propeller in operation. The thrust of the propeller was measuced as in the free

wind stream tests. For determining the propeller characteristics when operating in combi-
nation with the model, the propeller was credited wifh a thrust equal to T— (R;—Ry) in which
Tis the pull upon the propeller shaft as indicated by the thrust balance, B, the resistanceof the
model in a free wind stream and RB; the resist-
ance of the model when influencéd by the
propeller.

In the present tests & method simpler
for experimental observations, but giving the
gsame final result, was employed. The model
girplane ' was suspended by wires as before.
A drag yoke connecting the model to the
thrust bearing of the dynamometer was pro-
vided. This yoke insured no interference with
or effect upon the torque balance. The drag
of the model was thus indicated as a nega-
tive thrust by the thrust balance beam. )

A preliminary test was made to deter-
mine the drag or resistance of the model
alone.

The procedure for tests of model propel-
lers in combination with the model fuselage
was the same as that for the tests in a free
wind stream, except that the observations
were started at & negative value of the total
force upon the propeller shaft about equal to
the drag of the model fuselage alone so that
the propeller was delivering under this con-
dition appproximately zero effective thrust.

With the drag of themodel communicated
to the thrust balance, it is evident that the
force measured by the thrust balanceis T— R,
T being as in previous tests the pull exerted
by the propeller and R, theresistance of the model under the action of wind and slip stream. - If to
T—R, is added the resistance of the model in a free wind stream, Ry, the result is 77— R, + R, or
T~ (R;—R,) the quantity which was determined in previous tests when the drag of the model as
influenced by the slip stream was measured independently.

The velocity survey of the propeller plane was confined to three radn the upward and
downward verticals and one horizontal. Observations were made at 2-inch intervals out to
the 24-inch radius. The arrangement of the survey apparatus is illustrated by Figure 5. The
small pitot tube, built to meet space limitations, was calibrated, while atteched to its supporting
bar, by comparative tests with a standard National Advisory Committee for Aeronautics pitot
tube.

Firure 5.—Apparatus for veloe!ty sarvey

104397—30—338
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pear the point of maximum efficiency for propellers B, C, D, and E gave the following results:

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESULTS OF TESTS

The resulits of free wind stream tests on propeller A are given in Table Ia and are shown in
Figure 6. From the figure it is seen that-the maximum efficiency is somewhat abave 81 per
cent and that the corresponding value of the speed-power coefficient is 1.75. Preliminary tests
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FIQGURE 6.—Propeller A in free wind stream

PIGURE 7.—Propelier B In free wind stream

From the sbove it was determined that the settings for B, C, D, and E at the 10.8-inch
radius to give a speed-power coefficient of 1.75 at maximum efficiency were as follows:

D

.
19.9° -

B
18.2°

C
23.1°

20.7°

It may be noted that the angles of B are decreased 2.2° and those of C are increased 2.7°.
Likewise the angles of D are decreased 0.5° while those of E are increased 0.3°.
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Some apparent inconsistency in the changes required led to the measurement of the angles
on all propellers from the 10.8-inch radius outward. No attempt was made to measure the angles
inside of the 10.8-inch radius, since the sections are cambered on the driving face and no accurate
method for measuring was available. The angles of corresponding sections for two blades of a
single propeller were found to differ, in some cases, by 0.1°. The mean angles (for two blades)
showed no differences from those of Figure 2 greater than 0.2°,
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F16URE 8.—Propeller C In free wind stream F16tRE 9.—Propeller D In free wind stream

Assuming that the angles of the sections inside of the 10.8-inch radius were, in relation to
angle at the 10.8-inch section, as shown by Figure 2, the angles of all sections were, for thesettings
used, as follows:

Radius
Angle of section— - -

2.7-inch I 5.4-nch | 8.-inch | 1¢.8-Inch | 13.5-inch | 16.24nch

[ I ) ] o - o
e1| &7 26.4 204 165 140
53.¢ 345 2.2 182 16.0 187
588 304 2.1 23.1 7.9 11.8
.......... - N B X 412 2.4 1.9 16.0 13.2
o2 ! 32.0 2.2 2.7 1 4.3

i :
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The results of complete tests in a free wind stream for propellers B, C, D, and E are given
in Tables Ib, Ic, Id, and Ie and are shown in Figures 7, 8, 9, and 10.

The observed data from the preliminary tests of the model VE-7 for drag without slip stream
are shown in Table II and Figure 11.

The results of tests of propeller A in combination with the model VE—7 are given in Table
ITIa and are shown in Figure 12. As stated previously the thrust credited to the propeller is
the observed total force on the shaft as shown by the thrust balance plus the resistance, Ry,
corresponding to the observed dynamic pressure and read from the greph Figure 11. For
this reason the initial value of thrust is not zero as in the case of the unobstructed wind stream
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FI16DRE 10.—Propeller E In free wind stream . . FIGURE 11.—Drag on the VE-7 model

tests, it being impracticable to determine in advance the exact value of dynamie pressure that
would be encountered and thus adjust the propeller speed to give a total reaction upon the
shaft equal in amount to the resistance of the model without-slip stream effect: -

Figure 12 shows that the maximum efficiency of propeller A, when operating in front of
the model, is slightly over 76 per cent and that this efficiency occurs at a speed power coefficient
of 1.85. ' o . N

Preliminary tests of propellers B, C, D, and E in combination with the VE-7 model showed
that no changes of the settings derived in the free stream preliminary tests were required, the
value of the speed-power coefficient being, at these settings, 1.85 for maximum efficiency.
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The results of complete tests of propellers B, C, D, and E in combination with' the model
plane are given in Tables I1Ib, II1e, ITId, and IIle and are shown in Figures 13, 14, 15, and 16.
Table IV and Figure 17 show the results of the velocity survey at the propeller plane. In

this survey preliminary tests showed that the ratio of velocity at any point to free stream velocity
was practically independent of the velocity employed. Figure 18 shows the ratio of mean velocity
in the propeller plane to free stream velocity. This figure is determined by taking the meap
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FiGURE 12.—Propeller A with model fuselage Ficrre 18.—Propeller B with model faselage

of the ordinates of Figure 17, but including the ordinate for left side twice, it being assumed
that the velocity distribution is symmetrical in & horizontal plane.

DISCUSSION

Inspection of Figures 6, 7, 8, 9, and 10 reveals that, so far as can be judged from free stream
performance, no one of these propellers has & striking advantage over any other. With possibly
a slight advantage in favor of A, propellers A, D, and E are about equal with a peak efficiency
of somewhat over 81 per cent. For B and C the peak efficiency is close to 80 per cent, B
appearing to be slightly the better.
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Neglecting inflow velocity, the angles of attack of the various sections of the five propellers,
when operating in a wind stream of uniform velocity and at V/nD for maximum efficiency, are

as follows:

ANGLES OF ATTACK OF SECTIONS AT V/nD FOR MAXIMUM EFFICIENCY FOR PROPELLERS IN FREE WIND STREAM
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F1GURE 14.—Propeller C with model fuselage
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Ficurk 15.—Propeller D with model fuselage

These angles are shown graphically in Figure 19. Without knowing the aerodynamic
characteristics of the sections, it is of course impossible to say what the optimum angles of
attack are, but assuming that they are moderate and approximately uniform, it would appear
froxn Figure 19 that propeller A should be the best. It would seem, too, that D and E should
be next, because of the relative importance of .the outer sections, and that B and C should be
poorest. It might be expected that D and E would be appreciably inferior to A, but, in view
of the fact that there is only a little more than 1 per cent difference in the peak efficiencies of
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the best and worst propellers (A and C) the slight differences found in A, D, and E are not
surprising.

For the tests in combination with the model fuselage it is seen from Figures 12 to 16 that
all propellers show a decrease in peak efficiency from that determined by the free stream tests
and an increase in V/nD for zero thrust. This is in agreement with previous tests of a similar

nature. (Reference 2.)
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The decrease in peak efficiency is, however, not the same for all propellers, so that the
peak efficiencies attained are as follows: .
Propeller. el e A B C D E
Peak efficiency with model fuselage, percent . __________ 6% TeY 75 75 79

Reference 2. Interaotion between Afr Propellers and Airplane Structures, by W. F. Durand. N. A. C. A.
Technical Report No. 285.
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Again, neglecting inflow velocity and assuming a radial velocity distribution as shown by
Figure 18, the angles of attack for the various sections of the five propellers when operatmg m
front of the model fuselage at V/nD for maximum efficiency are as follows:

ANGLES OF ATTACK OF SBECTIONS AT V/aD FOR MAXIMUM EFFICIEI\CY FOR PROPELLERS IN COMBINATION
WITH MODEL FUSELAGE
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These angles are shown graphically in Figure 20. . The angles for propeller E are small and
nearly uniform and have probably somewhere near the optimum values. The angles for A and
B are without doubt distinetly less favorable for high efficiency and those for C and DT may be

even worse.
CONCLUSIONS

It has been demonstrated by these tests that the reduction of propeller efficiency caused
by the presence of an obstruction in the slip stream is minimized by giving the propeller a radial
distribution of pitch similar to the radial distribution of velocity through the propeller plane
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which exists under the conditions of operstion. In other words, a propeller so designed that
all its blade sections actually attain their optimum angles of attack at the condition of maxi-
mum efficiency is appreciably superior to the conventional constant pitch propeller for use in
the presence of a slip stream obstruction.

Staxrorp UNIVERSITY,
December, 1928.

TABLE Ia—PROPELLER A
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1 5244 . 002234 68.54 41.00 1,756.0 16.20 5. 520 . 5452 .05100 . 08507 7928 L1171 B
: 5.37% .002234 69.35 46,60 2,172.0 2.7 6.860 -4960 . 05870 . 03654 . T - 5063
| 5.542 002235 70.41 5L76 | 2,670.0 30.37 8.850 4533 . 06264 . 03825 .T420 7080
j 3.192 . 002238 58. 40 43.20 2,3238.0 30.37 8.008 .3801 07208 . 03081 H .4146
© L35 . 002241 3477 44.85 | 32,0160 30.37 6.9568 . 2564 . 08300 . 03982 . 5388 L1704
E . 2525 . 002242 15.01 42.70 ,8§23.0 | 80.37 6.162 171 00174 . 03900 - 2754 .02376
TABLE Ib.—PROPELLER B
[Free wind stream]
» v, !
ry r.p.s 1 ‘Torque, Thrast _Power | Efficiency I
p¥ slsgg[m - | ity, > n Thrust, Ib.| “399% 1 VaD Or=pc (Cr=oipr | Cr=vbu
4.919 0. 002259 66. 00 26. 85 72L0 0 0.5624 | 0.8194 0 0. 008034 0 6. 425
4,950 . 002254 6850 27. 0 784 . T502 - 8002 . - . . 3569 5. 150
5028 . 002252 86.81 20.30 858.5 2.025 1244 .7601 .01204 . 01685 . 5008 §.903
502 . 002250 6..15 30. 81 9187 3.087 15683 - . 01813 .01955 .0848 3. 360 -
5.104 . 002248 67. 40 3L 82 1,013.0 4. 555 2.068 . 081 L0242 . L7472 2.737
5. 139 . 002243 07.86 3303 1 I5LD .50 2. 848 . . . .78 2.210
5. 085 . 002248 67.82 - 36.28 1,213.0 9, 111 3.362 . 6163 . 03816 . . 8007 L 756 .
5.176 . 002245 67. 92 38.86 | 1,518.0 12,15 4.204 . 5811 . . 8192 - 8004 L 442 -
5228 . 00243 68.23 42.20 IL78L0 16.20 5. 205 . 5890 - . . 7870 153 *
5. 408 . 002243 69.40 46.78 21840 22,27 6. 858 . 4052 . 05812 03820 7678 807
& 674 002242 7L12 52.0¢ 2,71.0 | 30.87 8.894 . 05167 08784 . T420 .TIT T
3226 . 002246 53.56 | 4850 | 32,3520 @ 8037 . 8.076 . 3681 . 07096 . 03856 . 6606 414 )
1.422 . 002249 35.55 45.33 2,085.0 30.87 7.369 .261¢ 08112 . 04125 -5140 171 ~
. 2493 . 002250 14.89 I 41 80 1,018.0 30.37 7.170 . 1133 . . 04298 - 2200 021 iy
TABLE Ic.—PROPELLER C
[Free wind stream]
V, veloc- . i
I.D.S 1 Torque, Thrust Power | Efficiency a
a1 ° "cztft. nlty, - P L Thrust, Ib.| 3, ViaD c._..-———” o Cp= DT ¥ c,l=. Fat
ngs/ Jsee.
4768 0. 002242 65. 41 25.20 635.0 V) 0. 5£00 0. 8652 0 0. 009092 ¢ 6. 985 i
4.9M4 . 002239 6814 26 20 6912 . 7592 . 7988 - . 006058 . 01335 . - 3506 5.569
4019 . 002238 66.30 27.87 Ti6.7 2.025 L2468 . 7930 . 01430 . 01857 . 6145 4.106
4 6689 .002234 648.68 2298 839.8 3.037 L5388 . 767 . 01908 . 02188 7004 3.40
4.882 .002233 66.14 30.57 9348 4,585 2.085 . . 02656 .02581 .T692 2.758 g
4750 . 002233 €5.38 32.52 1,058.0 6.530 2.6858 602 . 03439 .02911 7018 2
4,850 m 65.93 35. 16 1,286.0 9 111 3.3 . 6251 04007 .08182 - 8007 LT32
4,984 . 66.82 38.00 1,451.0 12.15 4.205 - . 04626 . 03429 .THO 1412 -
5. 194 - 002233 68.23 41 50 1,730.0 16.20 5385 . 5468 . 05176 . 03612 - 7838 1184
5.399 002232 88.55 46.14 2,120.0 29.27 6. 958 . .05790 . 037E9 . 7650 919
5. 626 . 002232 TLO00 51.43 2,045.0 30.37 Q.04 - . 04354 . 03052 . 7400 .721 -
3l . 002235 52.85 47.85 | 2,200.0 30.37 8. 060 . 07325 . 04075 . 6518 . -
L 49 002240 3634 45.01 2,020 80.87 7.100 . 08285 . 04046 .5409 . 186
. 2462 (02241 14.82 42.48 | 1,8050 30.37 6.107 .1168 .00271 . 03907 2760 -023




[Free wind stream]

TABLE Id—PROPELLER D
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TESTS OF FIVE METAL MODEL PROPELLERS 515 = —

TABLE IITb.—PROPELLER B

[With model fuselags)]
» ¥, veloe-| o I
p. s. a1 Torque, 2D Thrust | ~,_ Power| Efficency - ,p_Vi
eV smc:t{t it y,- y ‘Thrust, 1b. 1b.-tt. 1 Vi CF_—;nfD‘ » ] 7 Cry VERi
4 742 0. 002261 64.78 24.72 6111 | —0.0607¢ 0.3952 0.8733 —0. 000543 0. 00748 —0.0636 8.427
4.802 . 002258 65.25 | 28.00 680 | -.75821 JTI%6. 1 .8362 +. 00608 . +. 4068 5796 .
4.817 . 002254 85. 40 27. 47 754.6 2,025 1.148 ! .THO 014723 01749 . 6685 4 248 _ ’1_
4,849 . 002252 65,66 28.79 828.9 3.063 1.53 .T589 - . 021685 b~ 3.421 .7 _
4.047 . 002256 68.22 30.705 042.8 £ 677 2.140 .T190 02716 .02602 . 7506 2.716 -
4 683 . 002248 64.53 32.54 1,050.0 6.7 2.770 - 6608 08487 (03000 .68 2. (44 -
4. 800 . 002249 63.07 3500 L, 225.0 0. 175 3.50L . 6082 . 4114 03287 L1622 1.5%6 :
4,718 . 002250 84,74 38’2 1,459.0 12.32 4,307 . 5650 . .03482 . 7562 1.290
4.907 . 002238 66.24 42, 223 1,784.0 16.53 5.629 - 5230 . 05120 . 036851 . 7332 1.036
5.152 002247 67.71 47.18 2,225.0 22.82 7.40L 4782 .05632 .0as23 '7040 8093
5.523 . 002245 70.18 | 5209 - | 2,808.0 , 3L 9. 630 ‘ L4415 . 08120 . 03951 - 6535 6515 R
2.960 . 002248 51.32 49. 02 4,403.0 30.37 | -3488 . 06840 - 04045 - 5084 3571
1.295 . 002252 33.82 46.57 4,160.0 30.22 . 2427 . 07885 . 04278 4332 . 1405
. 1026 . 002253 13.08 45.94 2,110.0 30,38 8.3 l 0949 . 07882 . 04358 1716 .0133
TABLE IIIec.—PROPELLER C
[With model fuselage]
P ¥, veloe-| 1 ;
. D. 8 M Torque, = Thrust = Power . Efficiency —_[eV3
Jpec wt. | iy, 5 mt [ Thost, b RS | ViRD | Cr==TH 1Ce E Cor=q/ s
- 1
0. 002242 65. 26 23.81 566.9 | —0.05388 0. 4997 0.9136 —{0. 000521 0. 01016 ! —0. 4686 7.918
. 002240 66,02 23.31 640.6 822 . 8212 . 8692 -+. 000052 .01480 | .45 5701
. 002287 86.48 N9 730.3 2.133 L1354 .8145 - 01593 . 02118 | 0124 4.113
. 002236 68. 68 28.61 818. 6 3.170 1717 7786 02130 . 02428 3.410 efiokay
. 002235 68.82 30.58 8351 £.708 2.248 . 02782 . 02781 ' .T288 2711 ! ~
. 002235 6443 3224 1,089.0 6. 681 2.827 . . 08551 BT | . T3L1 2.035
.002231 65.28 3523 1L M4L0 0. 315 3.685 .0178 04154 . i . 7452 . L6l4 i
. 002232 66.00 38.80 L 467.0 i 45 623 5743 04694 -03630 7386 1309
. 002232 67.42 42,00 1,772.0 16.68 8.831 . 5337 05207 03811 ¢ T4 1.068
. 002231 60.68 4724 2,232.0 23.05 7.620 4916 05712 . 03983 | <7081 . 8519
. 002230 7167 52.05 2,804.0 L 42 8. 620 .4510 06203 - 04060 . 6830 .88l
. 002232 52.04 40.24 | 2,4250 | 30.46 8.556 .3583 - 06947 04088 . 6090 . 3801
. 002237 3417 46.79 2,180.0 30.41 7.714 . 2433 07667 04073 . 4582 . 1449 -
002238 12,83 44.36 1,968.0 30.36 6. 520 0086 12 03827 2148 . 01452
TABLE ITIId—PROPELLER D -
[Wlth model fuselage]
P V, veloc-
r r.p.8 1 Torque, 2D Thrust Power| Efficfency - [2V?
34p¥ dsgg{.e:tm n[jgé& oA n Thrust, Ib.[ 590 | v7 Cr=" D% | CP=wiDi o cr, .‘I i
4,502 . 002260 65.80 040 6827.0 0. 02025 0.5101 | 0.8758 Q 0001765 0. 00931 0.01660 7.40
4,011 . 002255 66.00 3685 695.1 . . L8344 . 006657 . 01388 -4002 5.392
4,965 . 002253 66.42 125 91.0 2,156 L3 L7873 01494 . 01928 - 6100 3.950
5.007 . 002251 06,70 20.510 §0.8 a.212 L 650 . 7585 - . . 6842 3.300
5.055 . 002246 67.10 3L 475 900. 7T £.768 4 327 .T107 02647 . 02588 7289 2646
4.709 . 002249 64.70 82. 865 1,087.0 a.742 2.819 .5a 03404 . . T471 2. 006
4.789 - 002249 63.25 38. 090 L3020 0.349 3.613 . 6027 . 03843 .03195 . 7438 1. 578
4,895 . 002249 86.00 30. 150 1,533.0 12,47 4, 509 5620 - (4487 .0338L . 7435 1288
5.061 . 002247 67,12 43.100 L853.0 168.67 5.T4L . 5102 .04933 - (3550, . 7302 1.028
5.343 . 002248 62.00 438,160 2,219.0 22,99 7.503 4776 . 03450 . 8000 817
5. 654 . 002244 7L00 54.120 2,920.0 3135 Q. 815 4373 . 05890 R . 6688 N
2.972 . 002247 5140 50.315 2,532.0 30.34 8.760 L3405 . 06530 b Loagsl . 5636 .330
1.274 . 002240 33.67 48 305 2,334.0 3C. 38 8.182 -3 Nl 04037 4111 .129
. 1934 . 002258 13.00 16. 108 41,1540 30. 37 7.859 . 07713 04180 1735 013
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TABLE IITe—PROPELLER E

[With model fuselage]
P V, veloc- 1 = : .
g r.p.s ' Torque, Thrust Power| Efficiency - oV
V| e | tme, | ® | ™ TR k| VWD for Oy | MY
4704 | 0.0015 | 6435 | 2657 | 6085 | —0.0202¢ | 0.3057 0.00722 | —0.02135 8326
4,848 002310 | 6478 235,78 6648 -+. 7844 . 7340 01235 4278 5,778
4,862 . 002310 64.90 27.84 7476 2.085 1, 1800 01767 . 8014 ﬁm
4,908 . 002309 66.22 28,70 823.4 .8.118 1, 5430 . 02088 . T314 3.
4,050 . 002308 05. 48 80.58 035. 4 4,072 20975 . 02511 . 7610 473
4,086 .002300 |- 68.72 82.90 1,082.0 8.720 2.7325 . 02827 . 7828 2.158
8. 000 . 002809 68.80 35.20 1,239.0 0.115 8. 414 . 03085 L7044 1. 748
5072 . 002309 66.28 38.36 1,471.0 22 4. 5330 . . 7768 1,388
5, 200 . 002308 67,11 4200 | 1,784.0 16.28 " 5. 606 . 03467 B 1.109
5.375 . 002310 68.22 &ﬂz 2,173.0 2,28 7,005 . 03662 .82 871
5.600 |- 002310 60. 62 11 2,715.0 | “30.54 0. 200 . 03827 .. 6999 .675
3.070 . 002313 51, 58 48.78 2,375.0 30.45 8.3075 . 03008 8175 874
1.878 . 002318 34, 50 45.86 2,103.0 | 80.30 7.280 - 03887 «4088 158
104 . 002319 12,04 43.10 - '1,868.0 30.25 6. 061 03638 . 2386 07
TABLE IV
SURVEY OF VELOCITY THROUGH PROPELLER PLANE, VE-7 MODEL
Left side - Top . . l Bottom
. Veloclty N Veloclt : Velocit,
Free Freo - Free
; through throu, thr
R"g{us' Vm. I_Jrolsneer Ratio R‘}gf“" vm' prope eer Ratio Rz;g-ius. ‘%ﬁg, pro]ggleer Ratfo
frsec. | Rree 1 rt/sec _ ngw: ftjsec. | @ ECe
2 71.0 35.8 0. 500 3 h 720 34.4 0.4:2'8 2 70.2 44.3 0, 632
4 7.3 57.4 . 806 4 . 70.2 43.2 .018 4 70.3 87.7 . 820
[} L7 63.5 . 056, 1] 7L 4 58.8 . 838 [] 80.5 2.4 .897
8 7.0 60.8 .982 "8 72.0 65.8 L9183 8 69.3 87 O34
10 70.7 70.5 807 10 71.2 67.8 .952 10 69.5 65,2 .938
12 7L1 L4 L 005 12 7L8 | 6.7 .978 12 69.8 66.2 . 588
4 70.8 7.8 Loy 14 70.0 60. 4 901 14 L7 68.4 . 954
16 70.8 L7 1.018 18 70.0 69.8 007 16 60.6 66.8 . 960
18 70.7 7.9 1017 18 7.6 7L 4 . 806 18 69.6 67.4 . 968
20 70.6 L6 1014 20 .7L8 72.3 L 014 20 7L3 69.8 972
22 70.8 7L1 L 012 22 7.4 72,2 L 011 22 7L 4 60.7 .976
24 70.6 71.6 1,014 24 L7 72.6 10 .24 7.6 69.9 977
. 3 72.4 36.5 504 :
: 5 70.1 52.4 T o
ORDINATES FOR SECTIONS OF PROPELLERS A, B, C, D, AND E
[See fig. 2}
| Radtus....._. 270" 540" 8107 | 10807 | B8 | 16207 | 187
t L B .
i . : = - -
Chember.....| Upper | Lower | Upper | Lower | Upper | Upper | Upper | Upper | Tpper
Radius L. E..{ ~ - 0397 " 008" 1 0w” ) e | oo | b
2.5 0.18 —0.17 0.16 0.12 0.00 0.068 C.03 0.01
& <25 —.25 .28 47 .%— .18 [i:4} .06 .02
10 T —.83 .30 —0.01 . 17 .12 .08 .08
20 41 —. 40 36 ~. 01 .27 . 20 14 .8 .03
30 .48 —. 42 .38 —.01 . 1 .21 .16 .08 3
9 a2l —a 38| —o . 21 15 .08 .03
50 .41 ~—.40 .36 —. 01 .g <20 Jd4 .08 .03
60 .87 - 38 .33 -0 . .18 .13 07 .03
i 0 . 2| -3 2B | —ol ] 1 .08 s
! 80 O T ] A i s .05 N
f 90 6 | =18 e LT .07 .05 .03 .01
Redlus T. B 6o 0.08” a0 o02| o] oo

Btations in per cent of chord. AIl ordinates in Inches.

I



